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1 
fte preltliMft 0f stprfttjyoc imm. iMriw la 
tterte me Itt-fwatig&titd* O«13JN1 
i»  ^I1jr«t inogklir' proiaei im  ^tlu^m tiMiii 
mai ia nM&mU.im:w Am »1mp£m nemvimg, rftiLm«>itS tmm 
•teMrSiBW sttiFBt® tetafaJQQr^ ftlw s@sflil. irasmlt Iji .ft Bwfw ISSIB%$2, 
ppsflwss sSaapiiJCy tiwi ysiiyuMMiSSw iratsSs proliliMi* 
s nl.'fesipj.Q iuiS>d BS2SS4SB •&€ riLWfttit 
itlibli.' a. anl.iMn'b aea.'feadLHlsei % tMiif 0ius4 •faptlM'tiirl.tihflMMBlisjh* 
akmI eWBt S0li'fBSS#»3S) Mi SteEdSjSde gmAli'totwaa .^ *4 .^ inif« 
©M^dUronS IsbsBTsSny IMIMi ssKtews f^toS!# SlMttlsSsdl ttcro^Urocwtii 
9m&lmmmpm% tmm mm m9A to ir«:ry:r'P'«iie^^  «qp>mr«%ii^  eoedi-
1^@B0« GOBSISWHI® VWM <@H9i ft plJtilS plSOS 8@'ft3jl WMTVt 
tuM td Itas  ^ pc>t«NSNi.s eaa 'Iw sQ@<i«8tifia^P  ^ mMd in ft 
&mMm&m pt&mmm m « mlMMm'ig- Isrgo 8@al»« 
Slit HdlSt iala«4t «ti>fl a£ %larS® aOCNKK'ft^ e »iwi.iM,||^ g* wiai4w 
ma IniM SOtobSBg® SOlfflBBe Zn 'Iteo flZ'S'S «Et$'Ss@'6l68 sisl'b tilt 
id.trft'to .selsll^ m .fl#>iti «#imt«re«inEi«[at to %1h> «id tiit 
tto0GPtiiB WW iix  ^tbd iiid'Wiit* 1& tois wit #s8#Bitl,83»2y lilK? 
wse @tt:Bt ot tins tte®dhmi vfts Isar solmiat iMittsz'' 
par ®«nl of tlM rwilm-SltS .3«ft liz t^ in U» m(&mm»a Btmrng  ^
rftffiaKto^ fb» wafiimim frm ^s »x4t mm m$m^ tAih emmnia^mitd 
-nl^ o mid ia m miMijrim itaalc.' fte offlitis^ . ftm W» t«a^ . hm 
t 
'•feia m8«d m • mmmni. m-Wmtttm wait. tli« pmv&m 
&f mm Bmmi tte lusid eactar«eti#a wt^ t» ifM' to 
m^fgAe fmA tm tte tteinR iGKlriHiMiia wit« 'fte @rgaitie 
fMi im til# sdl^ © mM extr«3tlm wA% mm' s®3.i>mt 
m. 'tbi»riipi MMi.» mid, Wm tMr# cKtr-ttetiina wit 
xwewid th@ '^ riw iwll a£'ls'i@ «eii twm Ite' atrsKt irm ^  -^settwt 
m^mU.mm, 'inw a i^emii product from the irtarip^Litg mM.% teas-
tsi«w4 'i|fir@adtet«lr' 3,11 p*«i» &i' ^mim pur lit«r aai mm Cl*l mmsH 
ia, '^ triet mMm  ^ 'Sijyi wm '»ttita)b3« tm t»»A to ft tborim 
fimerii# tft^ f m mm 'in 1ii«' ftwi Hmtftri*]. fmpmm* 
tlen Qm%mt at Wmm^M, QM,@» tli@ Mter @f stages flmr 
rslwi« fm tto vei-psnt «K'lni0li.M «wr« d@t®imis»d« 
'file pttH'OR'wffd $41 i^#£isAt#' twwi tte Mid eaEtreetS:®® 
m & m»iM 9f Zt 
ttet m» swim 
Jk pmUmimagf om% aaiflr#'!®' *«» mim for « piaat t@ pa-if^  iim 
t<m @f pir » t^b xi»s|Nitt to ftot' tetidl 
««i»«rsi#» @9st IM «istteit«Hi' t# b® ^m% 00 @«atii pit if 
tteim pwii«s#ii. 
5 
Staw -Ito- 'ittwat ®f iWto »wmw •&« tapwte!®! @i 
tterte te »ii«it 'teriw is m »mmm ®i 'te :O.Mi«w l^e 
is@tep» fflricBi.f»»t3l* fiw- ip«i Wi®rs%®iT &% tm» a-©ll®f0 
in ll» «€ rawliiX' p>«i«' i«%i«s«a 3.^ 11 
i»i Ifft T§m^m%im ®i tte mtt«l. ''S'I^h^- immmm€. iteat tmxr 
'talis  ^"fS.irgl.li wfeiSi pKi? tt9Ki^ « A% "bhe pr9s<iiat% %$mb prodiS)* 
hm 1mm as.iS,p»4 t© fwiA MRterial« WvrnffmtMm 0«»i«r at 
fvvmMf. 0M,®, 
pPSN^S^^ i 'W,% iffKS9 is<6^woi& its 
@x4.gj4is4 ©a^Hiisilgr &i s®vegrs5. -Qf pe^ toootii# 
dffi^ «r •&£ bmmm AM mUd in 
Flgtm  ^It t» flri% p-odatt ia tm mtvopttl 
&i Xt is %mA0 su ,^ .if iigasM «yL fiani 
i» Ite b9^f im « teaJLIA bamwi* fk» tmieilf turn 
te#a. disessseS ii& %hsi s$»emtiai:. S^NSSI XS&. •esMil^ tor&'fel.^  41HI 
«iMiif|f mlmmA iwm ^  etota,: pa- .il»tiit»p»iiti®a, in 
i^^ prisadym i^l^  MLM  ^«iwrgsr' relmmii, .{W ite» 
i»aAlip»ft6 4mw  ^ (h7)» 
^mrnrn MmstiM '^ M_Mmm$i'lm ©toliriya tli® %teriw «Ei*brate tatrif 
togrirft-tei,,^  IwrSaa i«(» .1* 'siM' to 'iWtei 
, Mto-at®. t»tjrah3rfl^ «t« *431 b@ 3f®f®»«4 U m "flf« to  ^









































FIG.I - THORIUM DECAY CHAIN 
B 
« feas S»»il«*«ar ®?, i*s 
tm» ®f ri^ to t^is, 'Om r»Mm. kmtope them to mw ^ mk i»%® 
«» lAtfe & taiaf»life- #f 4.1 y««eB *^ 1fc»® ikti: Jam U^mmUw 
fir»t »%»*©« ttoriw i% W mmtml* 
wix. f®mm  ^ Wbm h«»mm 
tM' Mbm-umwf' wSj^  m® i«l«%iwlgr @M »f «ai 
' '^ em ttei M pr€w««8i»i a f«w w^slte 
!»#« -tt# fif«% ia tit® 1M® p»#©»A3r« ©f 
weiiUdtog wm  ^^mmm  ^Sf is a s«tiffli^ t^  iiol.mtl.Mi tfos 
pr^ blm <M3MiH9%i€ ]r'wi.um'-228. Jk% p^8$Bi% j^ wwmir* 
1# » mi w^mSmMS  ^ tons of W M m $m ©»!• t© ai* 
'ym^Brn if Sscflrt* Qf ixuszHiaswt SspwtsBSB# tills stSMSitpili# 
«ill 'Mm t@ I* p^»®fMii «at »» mm 'tfe® p»@tol» will 
l»Rocm»  ^isipwtem.* 
fte fi^ 0«a #f tlii' res i^trelt hmrnim wm® m followii 
1, f® detis® a »«ti»fiet®i^  f:®r «®par« i^® aM p«iiw-t2ft. 
(^i8 'irast 1 '^ -|>1.8S@4  ^ pNwi^ is. t® ^MI 
i® AS t9 tmmm iMmmv tmm in %lm mitAl 
psro46@tl.iW 6^piBS'S t^<S®ii * 
2« T# 481 idewls^pmst 8@ tlufet tte 9i^ t  ^swpKratifi® 
wdttli iMt &t « sinimR, 
|» fii <i«Mitttr«ti 'S«ti«rwteri%' « i«fiir«l4«ii m a pilot flant 
il, t® <tovis® a 8«ti»f«i@toiy w»tlifiwi f«r disposia® #f tta* 
tip S^Watil® iltf anowwpl 4.  ^
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pmmm% iM W is ia » sslaMye imm. sat tteat tfeu tierloR f3ta©rii« ir»-
«iB?f4a« ate®mt S® 'pm &m% @f m- it 
Siia©» «©«M l>» .left Ia ftl'te'at*., tlw#» »mm w»l*rs CI8| 
©.««HiM«re4 fesrife fc«ri«» md «alci«Bi m a tiBrritr f«r tfe® r«aiwt28 ,l«ft 
la ttu 4t prui'Sitt tt ttot teaiplm t»a wr  ^»ii8A t®-
 ^fillarnt# fasfl «s a merkme III)* Mt»t  ^^  feM54.wBjr 
tto' «@id fIw Um  ^%& presipitAti l^ bi 
e«n?i®r ultk ritiiiia-tt®. fh« siuriy ttea f41.'l«r®€ i^ romgli 
m. iRtiagar pr»d#«t prwiiswi fiit®!- and the #!«« ii.a®h«rg»i 
%4> tfc© #•«!.»• Selidyi ©©llaetiit. "rnvM be tot® (irw» 
im wast® Jmt few %Mm "dropping* 'wbiW to# i«BB if m% 
8f«fifl.ei» Jm fi«w «f ibe «Ktr«tte toxicity it wmM 
. Slews fiP iiit« '^ ^mn m tl^  @@iii«nt to bst «se4 in ^  s®pir4iti9» 
wmmm$ it %*t'm mmsmxy to i^ %i4n 8q\2ilil»nm ii«t« atiMKi]^  i^a 
Mwr&iyL mMwm  ^ in %m  ^ m. an imH w 
tewi*. ii!^  wsaiw# s f^ldjtiss 6@*ii@ri$ws  ^pne 
a«  ^  ^imi*' 'C i^it QrifalS'a  ^ ItHieit'iaMa mt m jMtltBWiWfe- Thuw- -mmmmmmliMd 
eipliliWilHB I*<if fht Ittwt 'VflSittaMs 3NI#ill^ ll@B 
f®r IM.8 «orSE nm pWi#ii®€  ^1. A. iwiaf. ^  j|» (it) ©f l«tt«ll« 
UmmA  ^IiMtitate, • fld» wffirk iwiittie4 '4at» « distribifyii® ©f tfeafiw 
*to "^ te'itetion unit® i« wmr^  « g«(«@rie tirea jr©r « puis# eelawa, 
mtrmtorg m%wm mt may ©tfetr pi«®« &i 
eiti'aS'M.ito ^Wiali3toente 
m 
U'hima  ^^ Hm ^ mA mM «imI 
®f ISf J, -lA'trii® asM mA «l3»sat, W&^h laaA S#1w8'|i©»3j(  ^utrt 
ia«d m » Mlmu% f«r the Sf.. i® * petr®l««0tt @mf 
4tA4w<.«Mi> ttiNfew §§ trnv ai*emattfla« BftSttA (Gm aSawlatedl e^aMto #ieUiShBS« 
»«riMr% jA« •<i>i, alt© 'Sif lit^iJA® IwiiriiA iBftitttt*# mim- iMiwai 
|gil.eS pljttt iWBSe fto ftcpewi .ftvA %9 Ite i^ pyrl flaa  ^ ttafiua me^sp^aM*" 
tSsa tl39il.S S**'®** ttewls* P9f HHNNT IKMi %»§% ^ayw*?: 
la ni^ riit mM, fte a€i,ir»iit mm& wm. m 2f*l ^  @«iit WW mix^mrn  ^
8#3.iNi«atfiN>l^  m & MZwrnA «£ti wm $*4t mmm3t. im. altri# seid# Alsot 
]L«S B!ct*»-*>1i atwis TUtii 'iiHid AS si. swaWbSiNl •wslEldMto# In •fcMf pUss 
pl<HlS WEteWC^QR pPlSMlKiy #0S,inttll% <®Et3P*6'^ fflB 
iUMi tiH sspMPsS#' 'titoPiwB flpwt I'SNi sEPteS' o l^mEP MSsMir $i^ pitir3.t4s# 
mmmxibm ia t®f • ' 
4 ati^ .'i'.gfc'fcTy n i^rossh ths f'ltXNi eart^ wtoasBpSiiB 'SOEifepsBeMsa 
pwhliw i®wK 'IaIWB I^ T itoiAitt IH  ^ i0#*>w@i''toi®'s •% 'Wk© Wsii BjfBiMWiilislE 
C"37i^ * Att ^  riltiris JLn ttidL'tl 
wm intifiimii !.» miMUM »gmi.& tfeit fwed 
senSsiLaiMl ttysiPtw fi® BttipS® 9BtA.m 4 
0f I^ NiA# ta© wSlbids IKUUL  ^6S,s@w#®dl th§B9 
i39) t^a®' Mmmmi, &t tevlag tkentim'' 
eoiiiiieiiWS'lii.®®!' JLn ^6 .wsEtspttBS* 
nt «l»i Oak iiigi MU,mml. (kk) 
premmtt^  iiitrilwtisiB ^ m»i£i&imlm tfi ^mim 1Ni^ e«a m^^mm H'ol.m'ldloas 
ml « fir«liii»i' Alsii^  *%' QtM mjim$ * wmSm of T9mi)tU mm 
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AQUEOUS THORIUM CONCENTRATION (GRAMS PER LITER) 
FIG. 2-THE EFFECT OF NITRIC ACID ON THORIUM EQUILIBRIA 
II 
ftoi' of 4@ii' fi« fhoy|.»» 
SolrmU !©§• pir ®»8t 
iHO| fteim @oii^ tmtioii|, g/l 
ktipmmm A<smmm 
Ho adttrie mid 
® t 231-
0 « 90.6 lis 
0 0 52.7 66*3 
® 0 28.6 11.1 
.iiii^ . 'PPBSIES  ^
.ii»S U.S 66.® 16? 
30.^  3.$ 1.1 10f 
10.1 3.6 ©.7 t2.S 
Hn this stu  ^ ti3« on3jr nitric acid oonsidarad is Miat m 
HHO^« Althoikgh fM hgrdrolyates to giV9 nitric acid and tiKxtiMK 
ligrdroxida  ^ this acid is not signifioimt. At & thofiu® coi»pislr«tt®a 
of 120 ^asw per liter the nitric aaid present from bQrdro3|rsi« is 
«m3y O,0S» WMwai (f)# 
^N r^tNiwdised W ^  mmMlm mUM* fM.a mtM4 is dis««s»iNl im 
A« 
As sl^ wii ia Mmam % t'ws ® i^liferiiw ©anws .4aters«®t at 
W& griM tf |i^ '  ^ fOi»t to  ^
#fe((«rPii» 'toissf»r> is l^iiertfaf ®f %1m ewpifwi' «t wliat 
wMtM Tm raffm mlmut mtrmUm wait tm iskmrkm* 
ms' @$afr®ifpMtto  ^low i^SHriisn emmmWaM^w* ft .iUas f^tt«y « 
ill 
Mias im 'wmh m «rlrtteti.oti iKdt .Ittui 
p3,®ttei mm t* fhi# la o'pirating line {&} * 3;» wimt i&r mi 
«2etraiite» '^ m eonditions tb* i^ pi3r«nt »g«aie t# 
i^ flm tim i^rm %li@)ritm oxtro t^icei m'^  
M 'gmm M tbmrim per liter, m. tks smtmr of 
•t^ ^s Xf tta m iS sti^ s wmi prftsmtji »®st 9f ttei iwmM 
t Iji « *f inohed-in" r«gi«»i« fhi» rcgim wmM 
tw t#' #f tluS' ^aph if th« {|®iire»t f#i to tk» 
m^atmM.m «gdt .snmtadliied m tWti-m, On the etlix' li»wf»  ^
ai|MW pMm i® ia i4trit Mid t^tat -sqaiMtelm «w9«i or 
MLgk m0M mrmf i® msed aiMi m 'mwf tm stages n9«if»il to rm^am  ^
ite 'ttelw iia mffimt® m iasipEifi@mt 
^@pir«M.«g EiW' tm tiMt ®'is4|piQf «f tteriw tei IKImi'JUMI 
m &p&mU3Sg Mm (B). f®r 8M.9piiig t® tite ^mm tbt iii»i 
'Kttst Mm la^b&m- Hw •Qsiili%i«n Hue, 'fkS' -^aimi sffttet is  ^
s'lri^ ^g 'lysit iis t@ 'rmoW' nil ^  tte'l.w irm mtgmaiM *temm 
bftf'Wt. orgaxiic 9l^ iK toMie into Hkm mWmMm 
fM» 'WQ^e .^ wt }m fensi^  if &sv%m ©i»tidy»»t' ttamgb sUarl® «eid 
t0 imtm te to tetew  ^iiy r^ ««pililriiin evrw* 
Umih im t& g«t tipiMferiw @iirf» «>]ilirt%" "1^1  ^ r^ftMiii 
this thesis th« apparent organic to aqaeous ratio ia obtained 
)f d#iMidffiring the iiiimt feed rates of the two streams. At asgr f@i«tt 
tn m ioetractloii unit tbe actual ratio ma  ^ be qpite different, fids is 
td im%mm ^kmges oaused lny the mass transfer of the solutes 
imaMit* fte Ji^ parest wgmi» to aqueous ratio idll be zioted lif Wm 
ratl^ ' w i^M 't>e 0*0*' If no nitric aeM wmm pmmm% in. 
Mm 'Ci)t tte ia unit must eassiiMilljf m-
mlWim mM* fbi® %k$ advantage of hmim mlapmt ivm 
tl» teaftw Im .is uitrie acid ©^awaiUPmtieB siae« «.» 
i^ :fepi®t iM  ^atrippiiig unit. 
71  ^ 'iiMWSsi#s. ttm aitrie waid -ewemlrftti^  
steemM l>t «affiei®at1  ^ gi'W toe i&mrim. »tailitaei.w» •©wnwi it» 
mmt esmmm stopet tfa». wiglm if Ite %• 
II iM isM raffirm thorim ex^asliM m%^m» ftemm i 
m\m» sltapis' ii$id. is of no uss timsrl.* @@B®ssb» 
WsSiess wr®' ssi^ . gr®B8' la soXiranott 
dsss*®^^ "®®  ^ #f ib4,WI# Mtid #h0siS4 te 
ff swaMesiei. 'is jfcgp*sa8ilE' @« SslfwwENliW iM' i#%' staM® in vi'l^  
6M%A •fttan |iig||% f 'is HOrll 
at BattaSJUi KsEWisS. Sasti'te  ^ (Hi)' i^ pi*##«Ets s i^ptMlS'lSB f^ ' 
ttePinB lUiiflg a HP*l«8sesi '$#1.^ 1(1%%# j^|l,Sh@tislii eagssiitratioiroi 
mm tte iatft liaiM mm %pieal. &i tte tetafiw of '"te 
thi»m 'Wifmlt# tt«f® Tmm fi#tt«i';ia Hgmm !• Wsm IMs fipirf' it 
%m lE»e olsmmwl tliat Vm of tlis mm Mmal 'alteie »6i4 tiiiiri«B 
effliililsritsai -suirf# is ta aBMsoBli that &£ tise- 'BSfaieitl sauili.'toitBB 
WW abewa ia Fipipi t. It i# i®t -ptiaibl# t©- e«#«r« tl(«- &wpm 
<paaMtfttiiPs:^» immmiPg. ulmm iilmmt tea mm &f im 'effwst m tM 
flWttBt #f |>i@lwi& l3!if 'ISP tfaiH' -gjiff  ^6a2«wlste4 Igr ihisssn! 
iytg '^ [0 1baiati.)y  ^<|^  #^0116  ^ ia FigWB $ it 1# 
mrMm  ^Hist tborifnt li»i' idll b&fe %# ^^ a'ii^ 4 sliapi 
Max* 'tte GBPislua if s^piowa i^ tawB is •^ swsi ta. sitrie si@i<t« 
'U 
WW 
fhopiMK, l^ aHilart.* littii As a Ftmetion' iilari®, A«M 
Gonoentratioa 
'itlfemtf M v -^ mmt fBP-70 per ®»ftt 
»ilafl@^4gi4 Staetiairfttlcwt* fh<^^  g/l 
I« mmrn 
?#1 i.o 0.55 t»& 
T.3 0.9 9,56 IS.S 
i.l 0.7 79.5 
i M altrie 
X.O 0.$7 1.75 
4.1 0.8 13.2 ai.4 
6.t «.i 7U.5 14.3 
f I al^ l^ ie 
k,9 ©.f 0.51 
5.® 0.S 7.1t3 15-t 
5.5 ©.5 66.8 te.8 
3 I' i&trl# 
l.» @.i 0.67 l.Sf 
I.I 0.4 7.23 
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FIG. 4 - METHODS OF OPERATING THE THORIUM EXTRACTION UNIT 
m 
to m8» m wiiifisi *<p»w tmA mm »®lwi 
Ir ®«si4«|piiig ftipHiteJ* fmm 3 •«« Figsr# I .giw 
«atf» %#%!«#«» 30 ««®% »r ai^  W p«r e«l salisitso-jjas «sd a i^ie>its 
#olmU«i ttew4«i ifflii 'iitrte mH. il2). 'Bit pswiifel#' ®pfir«t-
iag Hacs! sfeMm -ia Vigam-1 itll M 
W f m  llfw®. I it m m  fe®' W m  «ii i» «»: 
m&% Sj^ irew '13  ^ tbsyiw 
jfallw ipfiM @jf "Iteenpiwi 
'^ i^S %te# "ttbiR BStei©' Sttid *6'te8l2y iM'MfKli##' 'lllO fflffltiSWP' 
s'fcafflBS. MHsaw'Mpr Ijet thie tesrliMt eaEteasSieB ®iS.S to' •& SIIMB 
#«piir«*4.ffia» ftola 1ji ^  nwimber mt kmmlmej^  in mt t®© 
siiiiiJ^@«at sljis# «3J. 1  ^iMiii vmmn mm ^priNar. A »«  ^
»ipdfl#«irt> ptotf hmmatif. mA. mm that ca»©t tat »«•& twm Figar# $ 
Is %b@ tesluiisi.sy titiis'te te sBssisSisspi: 'in SNi 8te4.|!|>i3S6 ttutt* WfcwB 
mM ii i»«i M tto' £««% em ^  iJi^ ro i^ptd int# 
-^y* '^ (K' StySSB §-)^  ]^ &WK!t thO i^ttR <8CI'BHSOTt'fet*8i'^ f #Wff 1^  ^
titoPi-WB iBtWssSiss nMdWi* s®S rwstilS wUL l^ 
'fe# ft !ImI0 66®6@l$t8?S'teW4 lBEtoPS@S 'HitlS 'll'#8p#@'t t@' i^Sl&sAWR 
Mgttny 6ieKBiBWBte*M.6B  ^laAWl# BSid 1)43*3. gtlRB# iUa 
•iiiiiJaMi-i.|»|ii»i.<^» f^ pft • @iiarpi .sfifai. wti^ ^p tiee 'strippii^  
•®|igpatSiW p#pf 4tfi'Ss '^te 
Tlu>x t^rm cEstri^ i^ on ooefflciaiits vill bs o^cuXa1i>d m ti® rati® 
@f tl» org«Blo thori^  ooneentratios in grams per liter to ^  a i^^ uiNittf 
coaoentratiOR la grams per Xit«r. fhe distribuMM ecwffieiaBt 
fm' tberiw idll to® wrlttiw i» 
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mtmrnSml^ the mf ia 
•a. arste <st 'W^$ m^t nitric acid#' tlusrinK tm& 
it van ^M»A %0 tii« 'problem in a imMM ^sif^ i to 
 ^MMRN rn fhis aaalyfiiig tto« MC^MT 
fr®» tte mm «d pilot plant »tri»moii mm* If 
iW8««i«iy # soimb oos i^l l^ n b» ia©li«i»i to tlMS» r«4i«a-ttS 
e«ae«Btr«M®«' la Vm p^ct from the- 8feri.fpii^ : 'SBit* 
, Ib M WD,% •Atiilpwl to «Ktr«fit -Ifcte 'tiwriw ii«ir fw» tto» 
rsadtm, the mMm wait appiMP -entirely ,i» ttoe. Worit' iom 
% tto® ieuiw QM'PMTMTIM (% u) » MMUM «€• risii.a»-2t^  ft'aw ppoe««» 
iwfess shst fw#lw*'22s m f<sp 
jr«idii »ii»h m H-lfi m CfcSI tliO'iWwi Iteli %pi  ^
icha -asff^ *»'^ awgg» isbsib t® $'sdiwl~226 ^hs 
i^iiprior of ft mmiM wm^^t t# rMiim»22i wliicnrfticMif ' 
•aiwtfyttdi mm wm tteoiigh eolu®ae of r«»'£a iM 
efflswbt ssblgm  ^fw yim> --ttwy^  
ttet « fl®» r*ti of 0.75 gallons |w aiaute ptr oafeit foot of fwita 'Nd 
gtm ®«ti«f80l»i7 tet tteir sjatm oMftaiMii m -mwrnm aM 
tmmm ism diffmreat imm riifflJwtc im 1M» 
.alltettgit » »%«#-' 'i^  tte raalum t^ti ««• -not itsiroilt 
•»a®ii wlswp-lii^ tt .ftaiie® mm mMi$a 'to-.!» 'atoli® t© -ajwi'wi at a iroiSjitnffiry 
ilfll iliHi iM irinf. J|| IMII <&I lKk.alk WifmiTlMfci^t lf« «f —I iitK'- -
€ns^ l.gli irolf 
FM »»®t4.«a .of r»ii.a»*fts"witlt M iripoiiw 'MMMAM M b® wrprosoalwt 
if fouowij^  MMMMN.  ^ *• :S;±- * MM' 'la ®ip»ti®a 
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pmm»4 nmm & Ml mwin* fhe htd 'hvS, & -Vi^ «GiM •&£ Hm 
99lt|« «t tte' stiBrt  ^the tost Mt pi^ M n^S. tito iimi 
mat' itatt %»l evaMneters. The 1M lieii^ t liiM &lmt -
MM ntfmpt' •mm 'wmi» to ctmtrcOL iim MIM  ^M 
ei '§•! jmp'' itetti* the effl^ at ixm mimm ms 
ndAoifi^  to WM  ^'tatt' ft ftsrlinder aM' ttMi wm mm3;srmi. 
im riiilM»SS If ttM» pr«8«niliii t» Ite 
fimAm ]|Ktr«et4m 
Wkaim it i^iM( Kii4i«Bt "tet wm  ^h»- m mUMfrntmesf m^vmt 
imt tte mgme'tMm ^  'Wmtim iitm mMm$ it mm rnmmmt^ t#' 
tte piP «i»t #JMit in the mlrm% mid «3«ra' to m 
<ii3»emt* Itetliir -CMt dQ ^pm nmt W''#.2it^ 4 wi'i^  
M-fm »*toi|tl«ae tor «xtr«oti£^ t^tioriim £mm m 
%hmim$ WW ««rtfew n^at® iwA pteaptete lim* C?) 9M& 
Si&l C t^)i "Wi4 fm t«it fBP im f|j»t i8l3QMr«*iwt^ £'8 
'1  ^0MPSM%» FMEIMM' n<wi«it» #iir» #«r^ * 
Slw« 1»@^ Boeytelii msA 19#4 Itts'lNiA iKlxK^attt^ «H;« %9 
FOM  ^ AWT'^ YYI^  %SMM§ «BI»T 'PV« « M3MM%0 MM»- MAA 
%mim #.9tritaiyy»n eoeffleients •mm wi « Jtatsttim @f 
ani W . fM "vwMmB fm wtim 
« t^«ljhii IM M MMMWGF'-WMMMRN 'f^ e teehuicpfee 
»iij|iiitif^  mi mtum^ '|tai« SO milli34lwm'' ®i t^sammt' iakmt m» 
mmlmt iH' in m nte^9®ttl«r imt'« pmel&i -tf em 
adm'^0 fbs Ma@Kr«setM«r Wm mm « 2^9«<«i3Hli.tffr' mpma^%mf 
twrneS. ttet ted 'tlui' tuf" m% tH**. 4£ltati<m vm Ir 'ft 
tl 
»'ts.rr«r <irivlBg a waali g%ms,»Wemp* Afi«r a 
«f gtirfisi,!^  ;TOi«r wm -^ ti §M m jfapr«i«l* ii»». »tiart«i# 
fiii# mm- mm mmsm  ^et fteiw 
mi orgauaia phas## tfeat « 
S«i iMii'tlii® ttiw nwi &a  ^«e¥Wii|^  ei" f iw 
wA «Jl8tribttti®a ao«£fl«i»iit8nsp# 
itei i^ pMS- phmm- wm lm msmal in sltrlo wgdi ite» ii@ sllari® 
atm ir«0 .pritwi is IS^%M» 
ih### eaie$n8idbs»els wtiw- O€ i> s^wss'fcsm.w sitsw® im jfsif wi 
%i»is mm »%wm valuds for tfe® settllfig prob«b3r mm 
iptt %@i #iiBl^ *KWis isdiiKWwiSiS^ si'^  i86i6tirii@tiiyfii* $IIQ8 ft 
nMt'fcfcltiftg Mffl* M '^8##fl®Ate i&t 63ES»ols» iis "tow tel(S!k «BW?l*ea  ^wssr 
m mif m% 1m m fm m n eoatlnuo^s mixsat'^ ^^km is 
ba g^phmntii^  ft |^ sj@s ih4skpwe®st3*f' wi|i^ .i. 
'ttit 4@ 'siises ho* 8 k osimsc "&i10 bss^ ' "tees'fciriisab' ^ao* sirialstietisflf 
•snititisjb® mimf te #@w& stes (^8 sstitillng '^ 4v 
ssp '^toss sssbtt '^ t^ # flibift 1^3#% j^ btos n^gisfw 
iMrw t># isswS 'todUl ihB'Ssnflpo&e Ww t^ajfif jdi. '%bii 
ssomis 'ftiini^ ' £)s3^3fitlwi!^  css)' 'ifebstbsdhwa' ##stiisi^  ma# taxdte* jfxiw 
€ l^^ li@^«ykci£mi xi^  s WVVS  ^ wtow^wwiwiyuiyr #61111 ¥1  ^
lyid jlswss dt3»wiiis .4st' -s^ iwlhist-wbt^ wg' inb%t3dtog 
MmmH^ iwm #0 »mm^ at IM* f •, t© 15i »pe®Bi» «* ?§* F* 
vli^  tto® idhsw s^xhibs psstsuteni mflsf # ifibssb  ^a 8s|s#sils ftfhmff %# 
if- «l 
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FIG. 6 - POSSIBLE EXTRACTION INSTALLATION 
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aai fSfiw mm »• a««a ia fmhUt k#  ^It atotaM 
ms.% ia fm.» k  ^*t2m m^m» «r® glmn in enM©  ^ mt 
<Sf»,li8.. It is m»k»s the simulift^  ©dlasai -i43«»l*t« 
mmMxmm mrn Whrnrnfrn too-mlllilttwrf wga^e 
mm iai® mm «ai &i sJaulated M of 
ii^ eiRyi wtm *t tto other ead. !%«»•• mm Wmmimtmi. 
aii3b8r-»»ttl«r "MM j«ii«8 ®jr tetitorf. MM ^aismatui# «f th« 
mhmm it tbit th» ®|»«rati» m %• at 
aif tte ii.t& m. miimM at att the oeXumn Ismteflir* 
mxe it 
l^ ysw sei& y^ nni FWT' ssmsssss itewswi @#3mm 
StiNiiw Flow rate, 
e /^cyela 
FHMIM 9M»;J 
. . • f / i  
liB| f®a®#, 
H 
wgiwMS .FfNw M. i 
WWV-
S«llPiigfO-100 
AM^M FM  ^ M •• .|m ® 
'MMM 'f'bp " Bnspm -IwWwWAy vFlwliy ^ 
"nlipwwi' f<io<i 'tef. 
SUM rftt9»» 'W' ratioSf iMs in K m' AI^ MTM% 
t9 a^Mi ratio of 6*61, flN» sintalated coltam wm .atartwl Issr 
jrt33jbis^  -nl)li. ssi^ bs atts w^w@flw i^ sinbs pr^ pihf 
rati#* fJte details i€' 9i «ra »M«. In 
B: 
f%smm I, «C wfwaie f«»d e«» be s»  ^W at mm 
i4.gtefe»»toiHw4 fs t^msm '©f •Wte tigam $mA t<»Xkmim *&«• «%««•» mmlsmitvA 
•mm am* k •m'^bmm Is^am^Hpat tmt deflavA ip. 'Ite' Umsf- m 
mB&m #f mmmmmtg' i&e m «sdt fm  ^tO' pa«» .®a i^«-*«3r 
'feito'^ ih %!»' .M^LMM 9MI. iw*ir M M^MT w 1&» 
tt»B ms lw@ pwiw itertewi 1mA m%mmim  ^ tM,# t® fee 
I 
0&tA^Simk (12) • .in^» mm «i Uti .wuft rifl'iwti «t tiit 
flftiit td emis ifpfeatth 
after 20 t^ ough-pvliet fiti^ b 9a^3«ii mr# 
4iiit«t!H. •fakiBHPttMK' a«J: .Mitrie sold analysis •nfl't«B' ti«'''®r@®8dtof*s elves la 
ipfiiiilai j|«* A i^ *«13.3jyyi%if portion of thd esrlriiet §fm Wm ImmtiMm 
»«»<3* gfl»iaf*.#i tor racaus-azs# 
it-teel.® »8m sarfemtf 11  ^
ii|'% wns' itissroiws sluis in shs ssisub'' wis <ra3|r isstel® 
•_...-..,j> 'flUliieLafc,- mfcmii* A>'fl Oi lin^ mli^- mi nir mi i«i 'f in -"-^ *—" iAuM'ift a^ ^.^.M jSt —ati Atit -- •-
-iwwwwiwllw l^®sbw1r®tbl6wslw jet'^ iip <8kir^ lrjfll^ ^^ l^l^  
@lm^e 'In ipbS!#h> In SWb wi9& to' d'«.:8 in ni^ifi^ m1^ 
wis TW&ST JIFI^  (38) litis ib. ipiisn# ^  *^ 0 an^afffflw-ii 
ijh sp®* '@•''10- %@ -bsisk ffflpfml, itas ®tiy@ti!lssini  ^  ^j^ jgy 
Hid Wm 'r«8ults of  ^'»t«pst*#sNe%i«* ©ilsaia* 
'yysi^ <@itffi 'BKB IM iftflpBitiStihi 
*fm tbls and su^qwnt nitric aold d»1wirmlimti92», Wm' ««iXii1  ^
mIMI ^  «ii$e9@ti)s»id aM ^ te «3mli«iii* mm meA 
3li 
FIG. 7-SIMULATED COLUMN OPERATION 
THREE PHYSICAL STAGES 
FIVE THEORETICAL STAGES 
31 
f&t ft flartt m ox^&nie %® ratie #f Hi 
hm 'tte sto s^hftsb s@l^ p@sl.'ll#as' @< s^bds'ts4» 1?bt 
is Ap|«iiii3i if mm pmaMiattti grifMiidlr la Fifnire 8, kw em 
1)9 |*9tsttl>  ^ "wis &0. %SSS^WT&OILB ®lct3p*@m.6ktt fflttls tl&'lh to 
' fflw '"iwaBHSaBl, -ilsslMRiS* fhis «## tlw 
qni.'&. isbq^asypb'd '©if^ i^ ts £IMA. 'te %fchi ©etero 
tod ab@lt% 'WSntX^  1,11 nttyie f^ M.4 lttll3s. IhS -WgSIllS Jtec4 VIHI 
LUTSEN imoaos. ifi ¥te aasaapsisfe pttlak wt# 
iwi ts ntus,-
psi* sdti^ at*'*' £% iff f« i^miitffM.ii|g; ^eww tost ttei vwlsws' sheuig#' 
is «<..|plfl.fii'k <M^y.|gk <1  ^ «^aM.fit lSEip@lfl6fat24  ^ pESBViwslgr* 
fhm a.p$ammk s^pkr&tii^ " mmg «hi^ rliii « flow 'rii-li.@ #f ?»lst ri«3ji^  <kii 
fff»1f#fel.<> %%% •'toi SltgiA AmSsSSS®. £W&K 
latftd ii|iiii»»miaigf iijm|^  eteaa s^f. tte plas'll* 
.A ®<B#@ffl4 Wtfl *®<IB t^iii^ ' -SB H^^SQpsaS 0i?^Si$dl@ te' 'i^ pw©$is 
x>*%lii 1  ^ flui tf 'ttMsii rnmlmiiiMmm &m Iw sdm im 
ri^HPt f» fte ipiiiii to wsmrakM M-iKl- mm mm mp^mm% fJUw'-ratt® «»& 
tte i» im stati £%m 
stapw. If te .11m'rati© @f i«'fO Wiii fimi 1^biK»r<iU.«» 
s'sa^#8f a alight fltm.f-p.:«g 0)1* 'fcii^ i spkpsmsg wagm 
saiss pi#faf 8q 4ui a' a% "tesbibsl.. #os» ®f 
eo3»»« . 1^ iifp»r«a% flaw' rm^tt ttiwd im ^ a3t»^Wm f mm- m 
i@i^ wi@' l^ iw X'attt  ^ *illlli,%i9fii pQif'' .|^  s<pwiitii' jt3.sw 'pa  ^















SOLID LINE : APPARENT OPERATING LINE 
DOTTED LINE: CALC'D OPERATING LINE 
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AQUEOUS ACIDITY (NORMALITY) 
FIG. 8 - CALCULATED STAGE-WISE NITRIC ACID CONCENTRATIONS FOR 
NITRIC ACID EXTRACTION UNIT  

















SOLID LINE •• APPARENT OPERATING LINE 
DOTTED LINE: CALC'D OPERATING LINE 
0 1  2 3  4 5  6 7 8  
AQUEOUS ACIDITY (NORMALITY) 
FIG. 9 - CALCULATED STAGE-WISE NITRIC ACID CONCENTRATIONS FOR 
NITRIC ACID EXTRACTION UNIT  
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FigWi S »i»*s m eoraiition wim t© « a®i4» 
For an mMfimm mtm^  ^fiHs4* 
teweiwr#  ^i^ wm s^g ujmi' wom slduft 
•*eati6«lfflE !1jS©' s^  @ttii4 s^baatt itfi^ lene?* !Fhis ahlfS WBKI3U& te @# SHseh a 
sa%m' tte' IMMT «€ ^ot'irtdjii l&iw WMM M IIK» 
fdni@is8%  ^  ^^  a«idl^ fr»e ©f^ aiiit fm :^ timi ofwrstlxi 
|;^ -«ii|i- ii@a!yi 1  ^ ihufsia .09 thas ite JETQPST toemlmi? ^www.14 i^ a ra|irsasatim4 
|MK%NNMIli' 'toB 'tsSSBtlSSS.S 'Ol* '%te ©ESratilMt lij®9. £f stl®# ##f^ i«1:'#«Wl. «M| 
SSttESle'faily 'Mmimmm m 1.a»«w». ia«i«liiBH!> of ataEWi t^  btt <iMi!iiw *^ni' 4«i 
#®^yiiMi« 'II# *'#i#si9ffl8s<8slia* ^beao Xarga mw f^g 0!* sSs^sa a itoiNsr'*p4j|0ili 
imM «Kl»t'»% %l»i l^ MHT -mA dJt %b«!» 3i.»s ^hMnt'tte ^ wm 
f|iffl4 '^ WlSto  ^|..<'M» gjpa' ®)i@iwsS« For OpsrabSJUi.'^ '# <f.M.f; |yf.fyf|| 'HwSid ywy .^ 
1>s^  •#sepil»'^  •ft^ 'tmiii' limwr of 'tibs < i^ipiiasag. 'ii@ttm toava %# 
wtostnaduiy '%wi#fel '^ •^ * xeesgss' g@  ^ 'iseil.gsib' #& tes *<yf.41.4.lyf.mw 
hm* 
into fSjQv ra%aa JtW' 'sSttel*® §^1# eiitoRWB'tS,6ii .#@3b®WB #'<® )W' '9KW& 
Is fid^' $m 'tto'Sf £jy»ir' 'fatis m i^parMt ^ m^immm' rati® 
fte §gp«ft*»«ff ####. mqpkiwittss' . sdffiwbt fv^ ' tte- -feawk 
ataipn® |ji FS^pgps Us astiwl. plisit %|> ,^# 'im  ^
eentas* y*<tl«b*2ss* rattes* fcat^ iar sm«# c^teaettw wedlt wit^  
riMii»»2  ^p«Mii% it inta ivftl^ M %> 8tmila<l»' asi^ iai raffiaata 
ttos ttetipinb aaityistliiw ismlt gjji .iwiwdl #6j0w$itii 
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FIG. 12 - STAGE-WISE THORIUM CONCENTRATIONS 
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FIG. 13 - STAGE-WISE THORIUM CONCENTRATIONS FOR 
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FIG. 15 - AS A FUNCTION OF TBP CONCENTRATION AND TEMPERATURE 
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FIG. 18 - STAGE-WISE NITRIC ACID CONCENTRATIONS FOR SIMULATED 
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FIG. 19- STAGE-WISE NITRIC ACID CONCENTRATIONS FOR PILOT PLANT 
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FIG. 21 - STAGE-WISE THORIUM CONCENTRATIONS FOR PILOT PLANT 
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FIG. 24 - PROPOSED PURIFICATION PLANT 
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IWM 'tte 96toiyL  ^ft piMoeitt umiid t^ . n@e<is»iHif 
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W$ 
AMtoa A* MtoitiSMi 
rntmsSmMm &t • 
fh® pi»0€fe^u» f«r Hi® wm hatm4 m 
W3?U 4w»i» at •feiiti X& toEteiffiM t^oS a mlxef-wsetitisr 
iRfts TW phisim* 
Ite 8®tiyMi#a3i 'pr<^d4toiNi n® fe^w WII^H %b®3rtsBB iwv pimiHiii^  
im ••iiitt atiiiwftlo im 1^' afflie^risd. 1^' «w*lir«4,« at INf s@lsM.®i$s 41^ 
follsiAi^  tseliriispt® iMi ttisil* 
!• lbttaP8t@'tei6to of itowtuB lat# si^ tsr fli. 
(ft) fise swplii t9 ite «ns%Mi -waii if' wm&aemiTp lintlX 
%bi!' ©Mt@®tt'^ <ft'f^ '9n ©f StiffiPiaiBi WS8 1AS4 f-^ ni* 30 ^SMS tihixritixii 
p» 
F *1^%% '£?''Ci mU-JL ''<M-'4[ *t ^ ^ MNMiktMMftMi *1. <» BH TT Yi I dih an » n WH <i> i'lt -jf- iim-f^- 'W| A ^ t -4 MKMVMmt A *1 
QISSSRHMW Wifn aMftH to Itet to te loasSgf'Bed# 
Ce) fte |il 0f 8#l«i^eE mm «l^ wttfi 'witfe &m smti^  siitlw 
^#'ira!l#i t© & mlW' «f 1#7 Z ©•!• 
(i) fto® ms ©©stue-twi for flm ultli ^  •«illilitfgr« 
of 0',^ ' m@l«r' ffA tLs8c»3.i»i' in Mmmmm 
(•) fte -m^mm phm» mm mmm€ ma& .%lm -gi «ij«ttei %e i«7 agaiit 
vil^  Me se .^tiB to@r<te*6gEi.d®'*. 
# Ttoi ©anri-srs mm in ti» sl'li'*t« fm»m 
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Xa tM# •<patleB reppwiftati ii»- <a.eiiit«fjriittfl«i wtAm la %•»» of 
fesp tla@»' l»i»b48. is, tie; iitar 
©©iwtiBt «ai i» MwSumStM^  ^ m (!» » i® th©' ®f' 
F8uit«8®M.fe atewi la asNter 'ite ©Main rat» •  ^iislot#*-
p»att®B IVM to' ©feswpiNKi ©awttat ra-l®#, MTLMB 
mmmiMtmi i^k tte moiter ins«M tmm U 'immm* Sim  ^ %hm 
w p"^ «irtlUk»il *©• tta® wttgM 'iif .fiaiiwip-tti |ws««at|, lato 
3Pi6ii»»t® «JP 'i® aiwir® 'fwatea'teed to tew# ®f ®©«te pe  ^
nt«l« fw 
•Saflr to  ^ At *wi d9air®4 %® f«t « .g"fc«i»d 
@«i»a'fe «f • fif t© -sai# tte®« f^e©«t tte« rtswawsb* Sliw«- 'ih® pwtti ^ of 
«« h» pf«il@iWi tr tiit- 'imw «at 
a«®w«t# faAWttwtfl »t «»• 
rasii«»"ftS .©©jatwa  ^ «f at «ir fltttf Mae# ®f 
'Hf 9a» ha imaiA ia fS naii^ i'iNid m rsdiw t^li It 
f I • 
laitm-i® to i«®C» it«i» ff f»f* 





*tM)i '1 *^ « Impound batcfe which w wit fer"")aI3L, ^  
this research, file tbortm 
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tim i®  ^ wm, «loir3iy fMmA m  ^
ffe» n&f&AW ©f Wm wmiM is tbro® arai fw atHi-
i«pi*»3jiiiti p«p GTM ®f resin. For '%!*• 
swsdmt wrait  ^thoritm placed on %Q 
alwt ©••15 GTMS ®f tliariiim per four gr«ii -sf »®.iiu 
fbe lili«r«t«4 «fii aaS aoid ttet wi^  iatro^ed ifitlb t%» 
SOT|^  -Hire: wasM twm the reain wing iisti31e<l W8,ime» 
Sevir*!. iaiilu»@ nf ateit SIQi"'aiBiM.%trs per wiwii 'Wsre meoidJij F • 
irffieie'Ofe* 
fbe effl^ emte ti'^ steei 'Wi% tto utaiterd I^ Ase* fbe 
#iBt1,l.tti^ :!i^ - USssWeSBS tilS Ml^ tiOCl Oif 
%toe iatft, 
" ' • N 
6iWBl A ||Mfi|;tf%<:;«f^  gyEl aBW®009* 
soi 3j@S«f p>«ii» of Ibwim .p»r liter hsui I«e8 pladei on 'ttee 
-aM stew prmite>® folljmi* A fime-aitHilittHr 
ssBpls Iff.g 'fete '^ ofe 3Q«  ^i^ UPLiJJt'terS' '@C 
iwfiw#l: sodSj* fegf^ f^i03cide« 
^ f^ea i» i^ Xeftsed %- ^«rii» ±M •AD»MPU.M 
• CI/ia>o)(io8.9/23i)Cli) • %$FX WT  ^MM* 
iBdltg, Milliliters ststtiwd tee g©4i^  into 
newtenlSsii^  ttais %.W& * 
I%3F M • K%I§ Mimiitwt, 
31S 
fte iMttwwttt 1 *^00 and H9*F$$ » |0«tS> WM M94 t@ 
mti'to.ay.sitt Itoi mid entering wi%U tlui ffe* 
iamwmf tf lOitt acid, or frm givem Ir 
C.K)«25/5)(#«ISSiK fbi® in a 'mltsus uif 3.«]^  rnrnm^m 
I 
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/ ° PARTICLES \ / > 
1 1 
PARTICLES 
1 1 1 1 1 1 
10  ^ 10** 10=  ^ 10® 10' 10® 10' 
SECONDS 
7M\N. 2.8HRS 278 HRS 11.6 DAYS II6 DAYS 3.I6YRS 32YRS 
TIME 





K F 3  
©•§1 
FKMIMMRNTM CEa^otteriw)- m ; 
0*7 
prosssl* 'ftoiJi ®i omT^apotx^ ^ •«€ «ppr«i» 
0«1 ^ »dUi« If  ^fit mm 4*7 i'mhts @Mf 
miiiMAw moM M M§ mmiM* fl« tesiari la 
 ^tlisrtim pp®ia3*i«® pr®e#®»p tJtt® acti-rlty .is »ejpw»t#4 irm ^  
"tosyinBi# ttefiiw is WS- 2*gs®* IMR ft TFNE %H§ 
M teiliii: & i^i» fl«iorlcte m tiM «a«Mi3g 
«<piipii«it, ttai wwSwr# me %& peisltel® t^sop® to 
mma  ^&i 'f'ailw*til* 
WMm mmt^mim raiiwi-Mt hmmymr, th® profel«* iM numn worn 
•4«^mm0 •m.w r#m**tfS i» »<we haaardoue tton ratflw-tfit Fiiia« 
smi iirwfc (13) ip«iiw»-t28 mm ms m pol«iwi-» or 
mife toxicttgr It i^t« po«itfel« 
 ^ nrnUm  ^& 'mm&  ^ ia *l«w ©f 
«»• preeiBiiafflaa- I R N K M M ^ < S > W  « ^PIWI-
ppe&@tt«» plast la 'lb® rmsm  ^ ©f toai. &i mtidL p«p- rnrnmt 









1 1  
X2h 
if®®M li» at !»»«% » m»imt after reawo'sring ri4i«»»ffS m 
biif€Wi> »iPiii lAlk pp«s,s«nt. Allison (t) iiilbitiuiti&tas tMa 
as ftlX^Wit •ranHiom @f i%i »fa«rt9r tialf*lif«, ia-f^ i® 0®t a 
tetri ioeoepi at mmh eoMtnlratioM t<m la<»I2S«" 
fo4ft C%l): • 'iia® atatiWi, » • • # presaatf a lia«i 
flw •«* raii»*t^  ©» 1sm kepi iN> a wiaiawB. Ir' wt-feiaig 
thori-m proiaaalaig Mmi te a isi»is»im after the 9> '«x^a@ti<»a« If« for 
tte' tta«riim ppiKliustion required a dagry.  ^Momt of 
Iji sibS$wsS would exponsnlilalli^  ^#9 i£ 
Tl'iis establislw# 4([Milj'cMLll%' 
a tmMjMMf 'protaas' ii^ rent adTantapiv of HtlOte matiwrial 
hm i^Um 8»A reiativ)^  r^ ipM thro«igh*pat rate m teteli 
opiraM,oi»« litli tie half-life of 3»6k days, me^ ®(pAp#e»t 
HFLTK :paiia»*t& ewflli H$ »«t aside to "cool" TMT a of IS 
It t]N» «ai of iiiat iwdteA# if m iiSmixm mm' ^pNweBt «lgl«all2r» all 
te: tt' snilm t^tl 'wnsM Hami 'il^ d -omt* If mm 
praawatji 'il.ia %seMii®* - p i^od "wotiti. !•' to AM#' 
 ^FMMS* 
kmi^ KP of raiiin-til -as  ^ at a niaiavai 
efloiAatS' iaplaoiag: tfei- IW ia aterage for aNwit ftw FMEPW «ft«p  ^
w9w8n''iii%y' "^oosssiBS# AfSwp fltottasi'ta jpfo@eaaiisi^ f tlN  ^ wioinit 
raJiWH-fflt iwa ^wi»»ft$ m@mmm t® ifea»t ©#% of tlwir eipilitapiait 






s i  











1  I  »  i  J  
5 1 1 3 !  
I  f  n  
f i t s  
I I  M t  I  j  
1 1  
mi • 
aimis «.• mtat rnmm 
It 1# JtetiHwst, for 9m% p&rpm«@, to <i»t«i»l4W Wm a««fa3. Mf# 
®f a mtvmt wtA 4a #«!**»% Sswul 'wwteram faaiw 
tSf i^ nsintim bat tliBlif st^ «s 'wre ^»@t iiim ;tiMi. 
e»iddered In work (19, 20, 22, 36, lit# l^ f). fh» ©ontri-
iMtlffl®' fiw^s 9I »Hpe«r»i t® j»; a MMIIAMMM. &I 
toiat, «ata«t adr wrf ^ontaet with oxiil«ti^  «si<St «mh 
m aiti^ e i»M« M pr»«»t problem, bommr. It was a«®«»»aiy t© 
ta»ir law «te»« f««tor» thorium distrtlm^  ^
iamgriO. aaqptrtests wre eonducteci to <li8f#wr tte 
oJt li^ tf nitrSs m.. "ttia f@r3,'«iiat fropartlta 
l®?-S»atws8®«lM MJb t^oam»# &i iaiM t^ast -MA^SSIUM im'tlw i^ twi' 
mm aaiigiRi as wtat ia fa  ^
¥i^ yL8i' "3  ^
Swplt ' C^aai® 
'irtfear IM K^MM .0AM$ M, til'. 
% Q 
t it.32 M' 7Q$ 
3 8^05 m m 
K hM M 70 
$ h.m w 3  ^
i 6»2li 
I • ® »l 7<  ^
f I a 
I 
l l U l  
i  




mmmmm «a«l tfe4,» m» thcmflrfc t« b» t®o 
£m »»fe®r mi 9mw%»» iba% hai I® mm* ?l» 
i-ssmltfl of Bmftm 1 %hmlm .«re r«pirt®i lut tfee ttuHPim 
phss# • ' 
fhtsft hrnm Ims MMAtod la Tabl«« |3a and lib* flm 
rtmlis Mm I^m h&m p3.#tt<ii at flgore 26* 
FM». 3U 
- mims% «f fwims Conditloni m 
iasr WTM. QMIT±&IM%B 
s«m }|««i I 2. 3 k 6 
% l/U 0.292 0.301 0.296 0.236 0.790 1#0I» 
$ 1/20 0.291 0.310 0.282 0.283 0.775 i.ajo 
« 1/23 0.293 0.288 0.262 0.280 0.770 1.01 
It a/2? 0«2BI| 0.282 0.277 0.279 l.C% 
%s 1/30 
t/l 
0.276 0.273 0.267 0,28$ o,m 1,©6 
19 0.288 0.285 0.206 0,261 0.IS3 1.02 
n m o.»st 0.28lt 0.281 1.SI 
,0.^1 0.288 0.196 0.280 @.71A 0.95S 
M9 8/U «• 0.27§ 0.173 0.278 0.756 i.9IS 
M o.if« 0.27S 0.165 0.27it Q,l$$ 1.03 




o - SAMPLE I 
+-SAMPLE 2 
A-SAMPLE 3 





I  ^  ^ffl g ffl 
20 30 40 50 
TIME, DAYS 
EFFECT OF VARIOUS CONDITIONS ON THORIUM 
DISTRIBUTION COEFFICIENT 
' • 331 . 
3l.lt. 
Wrni^m fhmim si i^ppti trm Saapl# I • Phmm 
drim fb«rim'"StriFpii 
'Sjit# Phitiw 
% lA6 l,®i $ 1/p 3.»ai 
$ 1/23 l,li6 
It 1/2? 'tM 
15 1/30 IM 
If . 2/3 im 
m 2/6 IM 
m 2/10 1.M 
29 2/13 I.M 
36 2/20 1.11 
ftj' 2/2? 1,15 
M it i« #tiiiot tlist UNI ifttn mtm mt g&oi., 
SanoiJKi l* f •««<* It* HRNGMMMM  ^ MUMMMW .fciaiait MMil«i«i'a'i!mMi m%EM #faian»a<i»'>!ijai»» 
tm' » ®f aliewf.ll #«pi, ftee %me%m wm$$i,&ia0A at 
th® :Wla3rt -if 'tM ti»t 'ptiri.®! mm  ^ s^%% ^^W$- mA <lr®ppsii to aferot O.tS 
9iimr IS 4irs# fM» is & -sfcan  ^ of ateomt ffir tmae p«P' ©tat.. 
@«fl# 5 tbe WMM iep-'aisA FM itemt d0 dipt* 
fl® #i»iffiei«Mt -etau^pi fr«i « ®rlf3^»I mlaw- ©f @,7  ^ t© 
•ato@«t §*T5., fM# ifi. n ## nlwwt ftf» pir ««at. ftoe nagni'Mi 
@i ttw- thas appf^ s t® roagiilr 1tet« sflme fw toetti  ^
30  ^ sM I© -per ®i«al tap 3®l«emt«i.« 
iaenples I. «»l it i^ ft.«rs ttet imat mms^ »itrie mM 




















 ^ 1 
m  •  
was. iittafeietai liitfe' « tHwiaa aad b«th, |>hfts«i- w# 
ttaiiliii. Mimm «i3Ei»g Td.th TBP, lwptfwp> 
S&%m9m^Wi mm wmh»€ wliyi distilled wat«r t@ wmmm ibrt «itrte mM 
pp«s«at. It iMW f^ wnt .S»pfiwsibl», howewr, to all ttoe aeii 
wsHiMag f3fQ»  ^s«8if3l«i Solw880-iOO that kttd iJiNm i» «©®ta©t utth 
sltaNl<i mM »f tigM 'iMnRal ^axui above. The •giwfl'itiwits 
m & imm^m #f itot aifMcewii- aciditgr used on ttot i©l»t»»®-100' ar« ii8t»i 
lit'' It and im fip»e 2?« 
f at>l® M 
Mimt mi iitrie Acid on Solvesife-lOO 
i %ii 
% 1.13 ©.S5S 
t 2.5  ^ • , 
3 5.11 O.ShS 
t 8.12 #.5lt3 
I® f 0,502 
i m . ' 0.1*61 
I m 0.U19 
8 H 0.3U3 
f ^ Q,299 
aaii could not be detemiMd &n tl»» 'fwet ©f Ite st»pl«ta 
#ite «»i*l>e4nt interference Sol-resito-lOO* 
.A mopiel^  .'@C diiiiiit^ p wnf# ttsted Aodli^  ^e ng pi?o@eitaire' 
tiiMd to/^ newm Mtris Mid frin i^ -.f^ vQeso-^ yoo ewples* iampl^ fi 1 
t^ »^b 5 ipfeimfrd to gii^ ^nite wwiM  ^ tern Ite- <di9^3«i 'W&%ms- msed m 
a VTMib,; iwfles 4 f '8)^pia>at»€ vwrj- nlov^r at tl^t stttrt of tte 
2 0.60 
UJ 
o  0 . 5 0  
3  0 4 0  
030 
0.20 
AQUEOUS ACIDITY (NORMALITY) 
FIG. 27 - EFFECT OF NITRIC ACID ON BEHAVIOR OF SOLVESSO-lOO 
IN SOLVENT 
3JS;, . 
wmUm Ai th» wmWNt mntimmd, howrwup, ^ mpmtmUm 
i4»® Simple*' S aM 9 alwsgrs eieM-MtAi & pNia1»r 
i»mi.%j tfew that ©f dinttUiii iwter. The colors als® wgip® «pi%« 
«iiara«ai s«w«3. Samples 1 MMRNGK 3 RMAIMI 
mUw wttt® «t. aH tl^ s# Sample U was a straw fellwi ©#1«3P wMl« the 
imaiaiwP' ®f :mmp%m9 mm  ^m t^th laroMs ia ©#3»* 
frm fig&m 27 it is that i^gbt a«»ai im 
nlfepi# e<MiB«atraM* 'v^mm iwing S©lw«»®-li® m m M3mm% im »• 
fi» iata «f im&mWf hmmmt 0 iteat sight 'Mtmad. 
dsgpaed®# tUS' ii@>lMiiit« Wb msElxw "i^ tieMs iflvtyf# aGJlC 
wm tea etisimm at ilm » six mmmetl, 
StettM ttai soli^ gHit bM€M> m badl^  degeiwatei. tbat tte e<pili^ inR 
@QfiP®3 votiW ^ fair tfcH9 solT6Bt g#iM %i8 Fagttiwfa'^id aaS 
a the litepntei* it3}m ?M» 
V4»b®8 tte a#l'raiit itte@4»iwiini ifmlms M ilatillai mt^ y 0*1 nsnmal 
lsr<iP0*i-#i,, ilstilleHl watar, and 0,05 iwftal rf.trie aei4» ISsa 
watmp rad a@l.€ witiwa %iii PSW swit 1s  ^ •wlsw asid fcgN f^locld# 'nasli 
is W per @«at W wIim «f Hit' MGMS^9' ptawsa *^ It it teMaved 'tliat» M 
tb# 0|* tbe a l^tiiat ati^ lAs IwhbIs . tfedLa pi^ WEtoi'aM.dB 
px'OBwaa 'WmiM Imim li# 8@i@iiffl^lL$sheS wsi!^' ttesi^ a iMatli* Tte 
tkimmimatj. ^ jg^ tf 'Ot "to®' ISgeMafStlStt# 'teWPSiWat haf® %»iR «fi 
%M JiJI' 13© w < i^@SSS*VB 
a^ be aasi]^ pr^viiai ^ tisi priit^. work t»m of fmr mm^ fw 
tteaa ns-asiMss «#8'b @t 'i«eeea®patljM ha* teaii. Hattoi as aost 
&F §M, irimtiiosal .^iwgidLlw 
J  
! 
1 1  
t  i  
H i  
1 1  
I  •i 
i I 
i  M  i  
1 1 1 !  
t  
1  
I !  
i  
i  
i i  i i  
i  
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Mitrict A&M Qmmm 
i%\j^W39vVU» 
Mm t*t© • TO/28 • ?.Sf 
1 0,50 o.o^a 
t QSl 0,08# $ 0,78 O.lll 
h 1,20 0,^ 
1 2,09 ©a? 
6 %7h 0.§@ 
kmmtm% Urn mt» ** 2Q0/2? • 6«I0 
3. 0.50 Q M f  
f 0.96 oaf 
3 1.9$ o.llb 
3.70 0.10 
